We characterize two independent variant cellular clones which arose following in vitro passage of polyomavirus middle-T-antigen (MTAg)-transformed FR3T3 cells expressing RNA complementary to c-src mRNA. These clones were initially flat and underwent morphologic transformation at a high frequency to a phenotype indistinguishable from that of parental MTAg-transformed FR3T3 cells. Biochemical analysis of the flat clones prior to phenotypic conversion revealed that these cells synthesized little detectable pp60'csrc and had correspondingly low levels of pp60csrc protein kinase activity and MTAg-associated protein kinase activity. The flat cell clones did not possess detectable focus-forming activity, were not capable of detectable anchorageindependent growth, and had saturation densities and doubling times below those normally observed for FR3T3 cells. Following conversion of the flat clones to a shape resembling that of typical MTAg-transformed cells, the abundance of pp60`CSrc, pp60`csrc kinase activity, and MTAg-associated in vitro protein kinase activity were all restored to the levels found in the parental MTAg transformants. These cells had growth rates, focus-forming activities, anchorage-independent growth rates, and saturation densities similar to those of the parental MTAg-transformed rat cells. These data provide additional evidence that maintenance of a transformed phenotype by polyomavirus MTAg in established rat cell lines depends, at least in part, on a minimal threshold level of pp60`csr.
Oncogenic transformation of rodent cells by polyomavirus (Py) is dependent on the synthesis of virus-encoded middle tumor antigen (MTAg) molecules. While the number of potential MTAg functions that are required for cellular transformation is not known, the ability of plasma membrane-associated MTAg molecules to stably bind to and be phosphorylated by the c-src gene product appears to be an essential feature of all MTAg molecules with oncogenic potential (6-10, 12-16, 21-22, 25-27) .
Stable association of MTAg with cellular c-src molecules results in an increase in the specific activity of the pp6oc-src tyrosine phosphotransferase by apparently increasing the Vmax of the pp6Oc-src tyrosyl kinase (8, 10, 13) . This association also results in a shift of the carboxy-terminal phosphorylation site on pp6Oc-src from tyrosine residue 527 to tyrosine residue 416 (11) and the appearance of a new tyrosine phosphorylation site within the first 180 residues in the amino-terminal portion of pp6Oc-src (11, 30) . Thus, synthesis of MTAg and its association with pp60c-src apparently result in posttranslational or functional activation of the c-src proto-oncogene, since mutation of the gene or altered expression of the gene product is not required for the elevated levels of pp6Oc-src protein kinase activity observed in all Py-transformed cells (8) . Whether activation of the c-src gene product function is a direct or indirect consequence of MTAg association is not known.
Recently we described MTAg-transformed rat cells into which we introduced a recombinant plasmid which directed the heavy-metal-dependent transcription of an RNA species complementary to c-src mRNA, resulting in diminished synthesis of pp6Oc-src (1). These studies revealed that in the presence of cadmium, which induced expression of the c-src-complementary RNA, the MTAg-transformed cells had a less transformed phenotype than the same cells in the * Corresponding author.
absence of heavy metals. These results suggested that the level of pp6Oc-src kinase activity affects the ability of MTAg to maintain at least some transformed properties in rodent cells.
In this report, we have characterized two variant cellular clones which arose following multiple in vitro passages of the MTAg-transformed rat cells that originally expressed complementary src RNA. The variant clones were initially flat but underwent rapid phenotypic conversion, resulting in stable cellular clones morphologically indistinguishable from the parental MTAg-transformed rat cells. Little detectable pp60c-src synthesis, pp60-src protein kinase activity, and MTAg-associated protein kinase activity were found in the flat clones, although their level of MTAg synthesis was indistinguishable from that of the parental MTAgtransformed rat cells. Following phenotypic conversion of the cells to a transformed morphology, the levels of pp6fc-src synthesis, pp6c-src kinase activity, and in vitro phosphorylation of MTAg were found to be similar to those of the parental MTAg-transformed rat cells. These results provide additional evidence that the phenotype of MTAg-transformed rodent cells can be correlated with the level of MTAg-associated cellular tyrosine kinase activity.
MATERIALS AND METHODS
Plasmid constructions. pMMTIsrclnv and pMMTIneo (p302-3) have been described previously (1). pMMTlsrclnv is capable of expressing a 3. 6 cells with pPyMT-1, a recombinant plasmid capable of encoding only Py MTAg (29) . The details of pMMTlsrclnv transfection of the 18-1P cells and selection of cellular clones have been described previously (1). Briefly, pMMTlsrcInv was cotransfected into 18-1P cells with pMMTIneo at a 100:1 pMMTlsrclnv/ pMMTIneo ratio, and the cells were selected for resistance to G418 in Dulbecco modified Eagle medium (DMEM) containing 10% (vol/vol) fetal bovine serum (FBS). G418-resistant colonies were cloned at random and grown in DMEM containing 10% FBS, and each clone was analyzed for the expression of pp6Ocsrc protein kinase activity. All experiments described here were conducted in DMEM containing 10% (vol/vol) dialyzed FBS, insulin (0.5 ,ug/ml), transferrin (0.5 ,ug/ml), and selenium (0.5 ng/ml).
Cell growth experiments, anchorage-independent colony formation assays, and focus formation assays were conducted as described previously (1). Saturation density experiments were conducted as described by Rassoulzadegan et al. (25) .
Biochemical analyses. Immune complex protein kinase assays were conducted as previously described (2-8) with cellular lysates adjusted to the same protein concentration (500 to 1,000 pg/ml per reaction). Metabolic labeling of cells with [35S]methionine and 32p;, immunoprecipitation assays, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis were carried out as previously described (2-8). Hamster T serum, which contains antibodies that recognize Py MTAg, and the 327 hybridoma cell line secreting monoclonal antibodies (MAb 327) that recognize pp60csrc have been previously described (8, 19) . Southern analysis of cellular DNA and Northern analysis of cellular RNA were conducted as described (20 B.
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MT--__-MT -a _0 (Fig. 3) . The level of pp60 c-src kinase activity in the 13-F and 30-F clones was p.. reduced four-to eightfold compared with the activity of -975 pp60C-src derived from normal FR3T3 cells (Fig. 3) .
To determine the amount of pp60csrc present in the various clones, the cells were labeled for 24 h with clones, the level of pp6Ocsrc was significantly reduced compared with the level found in FR 18-1, FR3T3, 13-T, or 30-T cells (Fig. 4) . The actual pp6Oc-src decrease in these cells is difficult to determine accurately because the pp6Oc-src level is _26 normally low. However, we have estimated by reconstruction experiments that the amount of pp6Oc-src in both of the vere labeled with flat cellular clones was at least 10-to 20-fold below that B), and immuno-found in any of the other FR3T3-derived cell lines.
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The data presented above demonstrate that the level of . biochemical results by transient heavy-metal-dependent stimulation of complementary c-src transcription in the parental cell clones from which the 13-F and 30-F clones were derived (1), we attempted to determine the level of complementary c-src RNA present in these flat clones. However, we were not able to obtain sufficient quantities of RNA from these cells prior to the appearance of foci to conduct such an analysis. No detectable complementary src transcripts were found by Northern analysis of poly(A)+ RNA from clones 13-T and 30-T (Fig. 5B, lanes 4 and 6) . Addition of cadmium or zinc to the culture medium of these cells also did not induce detectable complementary src RNA (Fig. 5B, lanes 5 and 7) .
Despite the absence of detectable complementary src transcripts from the phenotypically transformed 13-T and 30-T cells, Southern analysis of EcoRI-digested total cellular DNA from these cells with a 32P-labeled nick-translated 946-base-pair AccI-AccI probe specific for Schmidt-Ruppin A env sequences contained in the pMMTIsrclnv plasmid (1) revealed that these cellular clones retained the complementary src template DNA (Fig. 5A, lanes 4 and 6) . Parallel analysis of the 13-F and 30-F clones showed that these cells also contained the expected 4.8-kb EcoRI fragment derived from the complementary src template DNA in addition to other EcoRI fragments which arose from multiple integrations of the pMMTIsrclnv DNA (Fig. 5A, lanes 3 and 5) .
Phenotypic properties of cellular variants. To compare some additional phenotypic characteristics of the different cellular clones, each set of cells was analyzed for the ability to form foci on monolayers of normal FR3T3 cells, growth rate, ability to grow in soft agar, and saturation density. We also determined that the 13-F, 13-T, 30-F, and 30-T clones were still capable of growth in G418 (400 ,ug/ml) (data not shown). This result suggests that the pMMTIneo plasmid originally cotransfected into the parental FR 18-1 cells with the pMMTlsrclnv plasmid as a selectable marker in each case remained transcriptionally active throughout the various cloning procedures.
Analysis of the growth rates of the various cells are compared graphically in Fig. 6 , and the calculated doubling times for each of these clones are given in (Fig. 1) . Since the number of viable cells remaining in the original cultures was small, we do not know at what frequency these flat cellular clones arose. We observed several additional colonies resembling the flat clones described here, but were unable to expand and clone these cells. Whether the flat appearance of some of the cellular clones correlated with elevated synthesis of complementary c-src RNA or from some other mechanism is also unclear, because we were unable to obtain sufficient RNA from the flat clones for Northern analysis prior to morphologic transformation. Because MTAg is also capable of associating with the c-yes gene product (17a) and since the complementary src RNA should not react with c-yes mRNA, the low levels of detectable MTAg-associated kinase activity in the flat cellular clones suggest that events other than overexpression of complementary src RNA may have occurred in these cells. Due to these uncertainties, we have described the flat clones analyzed in these studies as cell variants.
One of the more interesting phenotypic characteristics of the flat cells was the rapid rate and frequency at which they altered their morphology to resemble parental MTAgtransformed FR3T3 cells. The frequency of this occurrence suggests that the reversion to a transformed phenotype was not the result of a common mutation in the flat cell population and is more consistent with the concept that epigenetic alterations were responsible. The Biochemical analysis of the flat cellular clones revealed that these cells contained very low levels of pp6Oc-src (Fig. 4) .
These cells were also found to have low levels of pp60c-src kinase activity, as measured by in vitro phosphorylation of casein apd MTAg (Fig. 3) . The level of MTAg in these flat cells, however, was found to be similar to that observed in the parental MTAg-transformed FR3T3 cells (Fig. 2) to the proliferation of certain normal cell types. The recent observations that pp6Oc-src is phosphorylated on tyrosine residues and that its protein kinase activity is stimulated by platelet-derived growth factor treatment of mouse fibroblasts (24) add to this argument.
